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(54) A method for high speed moiSwSffltsor* and ermr cofitfOS coding 



(57) A digisat daSa communicaSon system is pfo- 
vided for transiniSing a high spesd diffsfenliaiiy 
eficoded ciata sigoaS between a transmitter and a 
receiver. On the transm^er side <44). s hrgfi speed 
inpijt data stream {42) is separated into a plurality of 
lower fate data streams br^ a demultiplexer (46), Prior So 
beirici jTsjiSpfexed together to form s single high speed 
data strean^. each of the lower ra!e data streams are 
rndividuaily Uock erxjoded by a groi^s of Reed-Soiomcn 
b!ocf( encoders (48) and then differ entiatly encoded by a 
group o^difJererstiaS esicoders (50). AJternaljvely, iheplu- 



rality of iciw rate data streajins are block ericoded and 
then miilSiplexed together prior to being differentiaBy 
encoded, so long as the tYiultipiewng is performed on a 
code symbol-by-code syn«»oa basis. Since the per^rm- 
ance of a nor>-binary-based block code is based on an 
input cods syrrJbol error rate {as apposed to an input bit 
en-or rate), performance loss associated w(th either of 
the differentia! encoding schemes of the present inven- 
tion are comparE^ie to a non-differerslial encoding 
scheme. 
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BAGKGfsOUND OF THE iNVSNTIQN 
1 - Field Qf the inventiD?^ 

[0001| This inwenSJon relates generally to a digita) data communicaiion sysiern and, frwre parScutarly. to a diHerer^- 
tia! encoding and errof ccntrol coding scheme for high speed moduiation in a digital data comjnunicatiQn systesrr. 



[0002] Modern dSiES comrmjracatior^ systems geflerally require low bit error pro&aJbifrtles. fn a moderate-rate com- 
municagon application (e.g.. on the order ot 100 ftflb/s or less), a forward error correction schenrte. such as convoiirtionai 
encodif'g or biock encoding, can be used lo adiitsva tow btt error rates {e.g., on the order fO'*) at tow signal-fo-noise 

f 5 ratios. Howet'er, a largs number of mathematica! opejations per decoded bit are gefieraiSy required for complex convo- 
tutiona! codes (i.e., Having high constra:nt length) or high weriiead block cocies (i.e., having a low ratio of information 
bits to parity-check As a result, the ifnplementation of even niodsra!e-rate decoding algorithms can be difficult vn 
commercially viaWe bsjxSware (e.g., CMOS). 

In order to sccommodate higher data rates (e.g., several hundred Mb/s or more) white maintaining reason- 

S!> aWe hafdware cornplej'ity; nxiiti-hop commurwcasion systerris {where data is demodulated and remodulated at interme- 
diate locations prior to the ftna! destination), generally go wittjout coding and have reasonabSy simple modulation 
schemes. En some irj^tances, very lighS corivolifljonal coding can be empioyed aiong with a greater transmit power 
and/or a larger antertr® to overcome tne degradations inojrred when iniplemerrSng a high speed demodulate-remodu- 
late system. To achieve very low bit errcs-piobabiliiies (e.cj,. on the order of 10-^°) at these higher data rates, it turns out 

£5 that Reed-Solomon Kfjck axi»s ;;rs oisnsraiiv' p;■e!S;'?^^.^^ i:.wvA-iSt!tC"^si cw^jsb ^--s s«S!T!0«x:S!nv5 rsfiij) b(:-^.ii.:.siG {^sy 
prwida better performsncs at the same signal-to-noise ratso. Ur.tortLinately, high rata {speed) decoding of a relatsyely 
modest complexity Reed-Soiomon biock code is diffiojlt {if not impossible) to irnpiement in caTimerciaily awailabia hard- 
ware. 

[9004] Therefore, i- is desirable to provide a digits) data communicaitiort system tor transmrttir^g high speed data sig- 
30 nals having very low bit error prcii>abilil!6S. By combining differentia! encoding with Reed-SoSomon ttcd< encoding 
multiplexing techniques, degradations normally associated witti ditferentialiy encoding are drEffnatioaliy reduced. As a 
result, near-coherent paffortrrance c&n be achieved. Moreover, very \o*i error probabilities can be obtained using low- 
comp!a-<ity hardware, wittiout the need to agntfioaatiy alter other system performance parameters, such as fwwer con- 
sun^tiofi, size, and wei-jtrj- Ttie differential erwjoding scheme Ot the present invention a!so provides addiliona) benefits 
S5 to a coheferrtiy-d6le<Sed hjgh-rate system, such as resolving phase ambiguity and elirrsnaiing cycie-slippage probtems. 

S UMiViARY OF TH E 5 MVENTIQN 

C0(KJ5j In accordance with the present invention, a digital data comnrnjn!c:^tior! system is provided for transmitting a 
<!<3 high speed difierentiaiiy encoded data signal between a transmitter and a receiver. On the transmitter side, a high 
speed input data stresm is separated info a pluraSity of lower rRie cferta stre3.mf; by a demtjitipiexer. Prsor to being muiS- 
piexed bad* together t» f«f m a isiixji* riiofi rs.->s;iSf.-^ f3,m s.^!■i;^t■s.:■^v eac'-i f.si iows? ssti? data streanis :s;e ir-iiividuai-y biock 
encoded by a group of Reed-Solomon (f^S) block encoders and differentialiy encoded by a group of differentia! encod- 
ers. After natively, the o? icw stsis da;s s,-ren!r-.«> ssf* bfcck e'-;!;oiii,¥,t srsi 5?-;s;n fnyiiipii^Kx-i So-gfi-^sr p; !a ?.x-::no 
-is differerstiai encoded, so tofig as irse nxiiSipiexiriQ is pertormed on a cocie aymboi-iiy-code symboi basis. Since she per- 
formance of a non-birisry-based block encoder {sudi as an RS encoder) is based on an input code symbol error rate 
(as ofi^xjsed to an ir^ut bit error rate), pertormarwe loss associated wish the differentia) encoding srfiemes of tfre 
presem invention are comparable to a non-differential I y encoded-coherent detection s<^eme. 

50 BRie F 0~$CRiPT{ON 0= THK DRAWINGS 

[030SJ Other objeas and advantages of !he present invention will be apparent to those skilled in the art upon read- 
ing the JdlQwing dertaiied tiescriptior! and upon reference to the drav^ings in which: 

5.5 Figure 1 is a diagram illustrating a typic^ satellite data communicaSon systesn in accordance with the present 
irri^ention: 

FigLsre 2 is a char ! iSsustrating how differential decoding typically causes two errors for each single error in the Irans- 
raittsd ixx stream; 
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rfgure 3 is a btoSK diagram showing a demuftipiejcer operaiing on a bit-by-bit basis; 

Figure 4 rs a block diagram showing a demuftipfexer operating on a cods symbol -by-code symbol basis in accord- 
fines vwilh a difiafsntial ©rscaiing scheme of the preserrt irwention; 
Figure 5 illusiratss the error pains that can occur in an eight (8) bit biocK code symbo!; 
s Figure 6 is a tiock diagram shcwirig the demuHiplexing operation being performed before the differential arid block 

decocsing operssions in accordance with the present inveiitiQh; 

Figure 7 is a tsock diagram depicting a tranOTifter implementing a differential enccsling scheme of the present 
invention; 

Figure 8 is a block diagram depiaing a receiver implementing the differerttiai encodifig scheme of the present 
to indention; and 

Figure 9 is a Kocx diagram depleting a transmitter implementir,9 an siSernative differential er>coding scheme of !fie 
presem irwsmiors. 

OETAIUEP P ESCRSPTiOfM Gf THE PRE FERRED EMBODIMENTS 

IS 

10007] While ths presersS iswentior is described herein vwith reference to iliustralive embodiments tor particular 
applications (e.g., srsier-satellfte links), it should be onderetood that the invention is not limited thereto. Any data com- 
msjoioation system ? aquiring very low bit error prohebilities and high date r«ftes without extreme bandwidth expansion 
could benefit from t-ie present inverstiorf. Those hovirsg ordinary sfdll in the art and access So the teacfiirigs provided 
so herein mn recognise additional modificaliorts, appiicsfiofTs and en*)odiments within the scops thereof srrd ,=sddil!ona< 
fields in which the pi«ssnt iny^rttiop wcK^ild ba of sigfiif ii^jint i.:t;i;ty, 

;Oim] A typics) t^tellite conwiaiicasion system IG is depcted in Figors 1 . The sat8l!ils communioatiori system 10 
includes at least on« ortiiting satsliife 12 which may conpiete a virtual circuit connection between two of a plurality of 
ground stations 14. <3en8rafiy- infcrjnatson is upiinkecE from a transmitting ground station to the sateliite which in turn 
- 25 downlinks the inforrration to a receiving ground station. However, in order to esftend communication coverage Of the sat- 
ellite communicatiofs sysSem 10, a satellite 1S may also communicate via an inter- sateJiite link 16 directly with a second 
sateliite IS which rs^ay then cortimunicate iwth other ground stations 14. 

lOOOS] For a tyv?^cal high speed inter-satellite link the information rale is at least 500 MWs with a bit error rate 
requiremem on the crder of iO"^ or lO'^''. As wili be more fuliy expfained. a ditfss-errtial encoding scheme in accordance 

so with the present invention is properly suited to handle the high speed rtsture of an mtef- sateliite link requiring very low 
bit error probability, in the context of a sateSiite communication system 10. the diRerentiai encoding scheme of the 
present invention is not ejccfusive to an inter-satellite link, it is envisioned that it may also be applicable to a high speed 
communication iink between a si.r^gie g-round station and a satellite, or between two terrestrial ground stations 
lOSIS] With reesfCSs to t;- arcr mfe pisstjnnsncs, di--tersn!.-!ai Sivcodifi^ -iciffibinsci with cc^^Ssiif^t d^irsxiuiistio?-! io-r 

3s dete-:;tion) generally j-ieios approximately twice as many errors as coherent detection alone. VWien used to make a dif- 
ferentia! decision, a single error in a transmitted tKt s&-eam causes two errors in the difSerenlially decoded bit sfresm (the 
tJita in gray denote errors) as shown in Figure 2. fttore specificaliy, the bit error probability of a non-differentially 
encoded-coherenlly detected binary phase-shift keying (BPSK) data signal is given by: 




45 whereas, the bit encr probabHity of a dffJerentiaity encoded-coherently detected 9PSK signal is given by; 

so 

Thus, the error probability for differentia! encoding-coherent dsfecfiort is approjtiroately twice the error probability tor 
non-^ifferentialiy coded-coherent detection. However, some of the performance loss can be regained depending on 
how ma where the cJifferenti^ encoding is performecJ in relation to the oth&'- signal processing techniques (e.g., block 
$s encoding and muftipis-ving) wrsployed in the satellite link. Accordingly, me difierenjial encoding scheme of the present 
invention achieves est error rates comparable to those associated with non-differential encoding-coherentiy detected 
schemes. 

[001 1 ) tn Figure 3, a demultiplexer (1 :3} 20 receives an input data signal 1 6 and separates it into three outpit sig- 
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nais 18- When the demuJtipiexer 20 cperates on a brl-by-bit Dasis. each bit going into tiie demuitipiaser 20 is p!ac€d on 
the ne?rt subsequent Ovifptit lins. For s non-ditfferentially encoded data stream, ttie bit error rats and CDde synibo! error 
taie going into the desvsuhipieser 20 will be identicel to the bit and cods symtxil error rates gosng irjlo each oi a seri^ of 
three biook deood«rs ZS.. In the case oi an input data signaJ corrtaffiing iifteen (1 5} errore ioi every 3000 bim of data, 

S each oti^iJt line exhfciss: a foss arror rats erf 5>' 50 '\ 

[G012] In contrast i-f the ir^put agna! 16 going imo the demultiplsjxer 20 is a differentially encoded data signal, then 
tt (Mill contsin aF^roxin-iately 30 errors for ei/ery 3000 bits of data. Although these 30 errors generaiiy occur in pairs, the 
pairsi istre rarrdomty dssiributsd over AS. AC. or BC bit combinations, such that the net effect is to double the amount of 
errors going into eacf^ of the block decoders 22. Assurning that the error pairs are generally spaced more 9ian 8 brts 

TO apart (ibr a block code based on 8 bit sytrtsols) , Ifne code symbol error rate going info each of the block decoders 22 is 
also doubled. 

80S13] Next, tx>nsidsr the case where a demuitipJexer 24 operates on a code synMl-by-code symbol basis, in Fig- 
ire 4. tre dennsltipiexsr (i 3) 24 receives a drfferentiaiiy decoded input daia signal 16 and sepetates n into three oi^iit 
signals is. For (HustrsrJior) purposes, the code symbol is based on an a bit w byte syrriijo! {also referred to herein as a 
byte-by-byte basis). Thus, each sequence of S bte (i.e., a code syrrftjol) going irrto the demuKiplexsff 24 is placed onto 
the next suijsequent <jtjtpuf line. Because the dtstiultiplejier 24 operates on code synijc! basis, it is likely ttiat each of 
the error pairs wilt be groupedwifhin a block code symSaot, 

10014} Rgure S tRus-tfsi'iS. hew ih'Sfs is; «s / 9 chan:-;?: i.his.t srs Si-ror paif y^-iJi up sii iss«^* J.-sJoc.k fi>-"r>S.->c>:. in 
the eve.nt that tfie error pair fells wtthin the same syntwi, 8ie syirtool error rate of She data going into each of tiie block 
so decoders 22 does not increase. On the other hand, 2 out of 9 times the error patr talis on a syn^xsl boundary, thereJsy 
ifKreasing the syrrSjoi wfof fut*.* (}<>'.n;j ^r".^> *sich of ih» iikx:k 'i-ico(U:ri 22. One s-siiled in trss Sft wii; rsarfiiy fscofini?.^ 
from such discussions, friat this diff^-entral encoding scheme is applicable to any bio* code having at least 2 bits per 
code EyirM, 

[001 S] Since the periormance of a block code is based on its input code symbol error rate and r>ot its inpjt bit error 
25 rate iaithough the &«o are related, it is not one-to-one and unique), the perforinance loss assodattsJ with demultiplexing 
a differentially decoded data signal on a syrriooi-by-symbol basis (i.e., bJock code symbol)- is minimia! when corrpared 
So a non-differentiaf!y encoded data signal. The foliowii^g tabi-s ssjn;;Ti;jri,':es.; !ht; fitsffof rrHsr-sie it;:s5 vsiii-tfi:}-. 



so 
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<*o [001 SI Overall. tf«s type ot differentia! encoding scheme extiibits some degradation (0. 1 75 dB) in relation to strictly 
non-difterential encoding (0 dB), and considerabiy less deg;adation than derruiSiipiexing a differentially encoded data 
signal {0,832 dB) on a bit-by-l3it basis. 

£0017] It should s;»o be noted that bit error rale perforrr^ance is lightly different wh^ the above-described differ- 
enlial encoding scher-'e is applied to quadrature phase-shin Keying (QPSK) modulated signals. As will be apparent to 

4S one skilled in the art, the tnulfipiexer operates on a QPSK symbol -by -QPSK symbol basis, knA otherwise the error prob- 
ability for QPSK synnboS-by-OPSK symbol demultipiesting is analogous to tSie above-described case of b'tt-by-bit derrwS- 
tipleJTsng. However, whan four QPSK symtJols are demultiptsjced together {analogous lo byte-by byte dertujitipleKirtg), 
there is s 3 in 5 chiince that tiwo adjacent QPSK syn^jois in error will lie within the same block syrtibol, and ^erefore 
not increase the error probability of the data going into She block decoders Accordingly, 2 cut oI 5 iirj>ss the errors will 

so lie on the block symSxji boundary, and thus increase the error probability of the data going ir»So the block decoders. For 
QPSK modulated signals, she following table summarises the performance less values: 
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[OOiaj Again, there is considerably less degradation associaieci with demuftipieJdng a differentially decoded data 
TO sisns) on a code sj^rrbbol-by-cocSe syn*ol basis (0.295 dB) as compared to demultiplexing on a QPSK symbol-by-QPSK 
symsxH basis (0 .632 dB), 

tC9-69J in isadi of the above cases. difSerentiaS er5c»tJing is pertwrned after rrajRiplejang on the transmitter sido 
HOft^ever, similar perfortrsance ioss can be achieved by movifi^ a series of differential encoders in front of ttie mult!- 
ptexer. Accordingfy, a series of differential deccjders 30 is moved aifier ademuitipisxer 32 on the receiver stds as shown 
IS in Figure 6. First, the demuilipteser (1 :3) 32 receives an input data sigrml 34 from the transmitter and separates it into 
three ousput signais 36, UexX. each of the Oit^ut sigr^Ss are dtfferentialiy decoded by the series of three differential 
decoders 30 and thsn btod^ decoded by a series of thre« Mock decoderB 38. 

E0O2O3 In this aherrsatiwe difSererrfiai encoding scheme, the errar pairs that arise from differertfial decoding wi!! 
a'wsvs behave in the same rfwnner as the previousSy described byle-by-byte case. That is, there will be a 7 in 9 chance 
m thai the err&r pair will fall wtthin the same Wock symboS. and only 2 out of 9 times will 9ie error pair fal! on a symbol 
boundary. As a result, muitiplexing on a bit-by-hit or a symbol -by-synibol basis has no effect on performance toes so 
long as differential encoding is performsd before muffiplexing on the transmitter skJe. The parformancs loss for this 
alternative dttferential encodirtg schenrte is on the order of 0.17S dB, IWioving ihe differential encoders in from of the rruii- 
tiplexer also ptovsjes simitar resijits for QPSK modulafsd signate. In this cjsse. the perforrtiafice loss is on She order of 
- IS 0,295 dB AmvTijgh each o* ihe abovGHcJescribed diflerential esncoding schemes hsve been presented in the contex! c1 
a differerttiaJ-encoded. cohersnfly-det acted system, it is also err,?iston6d that ^milar in^roverrients sn performaiice loss 
can be achieved <sn differ en I ia 11 y- encoded, ditferentially delected systems, 

f0021 1 A tsfst preferred embodiment of a differential encoding scheme 40 for tise on the transmiSer side of a high 
speed sateflite link is shown ii^ Figure 7, Due to the compiesity of impfementing a single SCO Mb/s block decoder an 
30 ir^ui data stream 42 into a transmitter 44 is split up into N lower rate data s&eams by a (1 :f4) demultiplexer 46. SpEtiing 
up the encoding and decoding process into severe parallel cfata streams retJuces ttie harrSware conplexily of the 
decoders which can in turn operate at a lower rate wittiout any ic»s in performarrce over a smgSe, high speed decoder 
As WIS be apparent to one skilled m the art me implemernatiort of the dem.uhip^exer may vary in accordance wim the 
present invention: 

35 [0022] Wftjrt. each of the lower rate data streams undergoes Nock encoding by a set of block ertooders 48, such that 
each oi block encoders 4S operates at 1/N times the speed of the overall data rate of the saietlite link. As previously 
discussed, ihe use corsvotutional codes is precluded by the compiextiy of high speed decoders as well as by me 
bandwidth e)!pansion necessary to achieve very lev* bit error raies. As a resitlf. a bfock code was chosea for encoding 
each ot the lower rats data streams. More specifica-ly, the byte organized ATfwi ceil structure associated with a satellite 

w JinK ier>ds itseK to a (255.239) Raed-Solomoo code havirig e-fcit (i.e.. byie size) syrnfciois, Alt^ough a Reed-Soiomo?^ 
tiock code is preferable, it is envisioned tt^t other types of block codes (based on symbols having at least 2 bits per 
syrnbol) may also bs irnplemerrtsd in accordance wth tfse present «rF\i-errtior',. 

[00235 Each of ihe sepaiaSeiy WoeH encoded data streanre:- are then differerrtiaily encoded by a set of differentia? 
encoders SO, and then muttipleKed together by a (N;1) multiplexer 52 to form a single higfi rate iransmisstole data 
<s stream 56. As wilt be apparerrt to one skilled in the art, this data stream is prsferaWy QPSK modulated by a modulator 
54 befere being trar^smiRed by the transmitter. It is elso envisioned ihat other modulation techniques may be applied to 
she data stream prior to its transmission by Ihe trarsSmitter. 

i(m4} On the receiver side 60, the transmitted data stream 56 is ii-kewise demuitipieited. differentialiy decoded and 
then biock decoded as shown fn Rgure 8. First, tJie tnartsmitiecs data stream 5S is derrxKiulated by a derrsoduteitor 62. 
so Hext. the demoduisied data stream from the demqduiator 62 is seperatsd into a pSurality of demodulated data streams 
by a demultiplexer f 1 :N) 64. Each of the demodulated data Streams are then differentials y decoded by a series of differ- 
erjfiai decoders 66 and block decoded by a series of Mod* decoders 68. Lastly, a mufflplexer 69 is used So combine the 
plurality csf data signals iftto a single high rate data stream. 

[00253 In an alfernative embodiment, each of the block emctxied data streams are muliipfexed together and then 
55 differentiaily encod'Sd as shown in Figure 9. More specif icaily. on ihe transmitter side 70. m input data stream 72 is 
separated in a plurality of data streams by a demultiplexer 74. Each cf the data sfrearm are ths*i block encoded by a 
series os blsjck encoders 76 prior to being combined imo a singfe data stream by a mLslSpleKsr 78. Ne>r!, a diflerentiaf 
encoder 80 diffef enttaily eiioodes the data stream. Lastiy, the data stream is trxKiulated bv a modulator 82. Since t^JSical 
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CDoeylatOfS natLtraiiy eficode data in a differenlia! manner, {his embodimsnt is typicalijr pfderrsd in a optical-based 
(rasher ihao RF) rirtk. On ths receiver side (not shcFwn). demultiplexing is performed on a code syrrbot-by-code symbcd 
basis after OifferentisS decoding. OthenMse, this alternative eiTtoodiment of the cSftereniiai arffioding ischeme of frie 
preserst invention is s«>ii:af So iHe Jsfst pf<jf:?i rE«' e?T5t5Jx;sY;f?.i? 

s [0S1K5J Si s^souirf t>« «f>j;f«s>-,^!Si«s:J Us;i; S';* diHs; i-x:CKi;fV; sc-besv-e oi iha pi^.iv-mi isTv-ftntion is prc^srfy- to 
handle iJie high speed r^atufe of an injef-satellits (ink requiring very low Dii error probability. Very low bii error protKibi}- 
fJies can be obtained using iow-complexay, commercially available hardware wrtfiout the oesd to signtficanHy alter other 
peHormanca psrarrieters, such as power consumprtion. si^e. and weigW. Furtfiermore, ihe differential encoding scheme 
of ihe present srwenjiors otfere se'.^ral additional benefits, such as removing the phase ambiguity tnat arises from 

50 phase-shift-keyed sigraiing (s.g.. a phase ambiguity of pj/2 for QPSK) and aisewiating cyde-slpping that could other- 
wise degrade the perr'ar-nsfKie of a non-drffefenlially encoded system. 

[0087] The foregoing discloses and descr&es msreiy exenpisry emixJdimems ot the presern inventrcsn. One skiLl^ 
in the art vifil! readiSy recognize from such disoissicn, and from tne accompanying drawings and daims, that various 
changes. Fnodificafejrss and variations can be rrjade therein wfthottt dgparlsrg from the spirit and scope of the present 
IS mventton. 

CSaSrsis 

1 , A digftai data commiinicaJion systeni for transmriiifig a high speed differentially encoded data signal between a 
25 liansrrsitter and a receiver, tfte transmitter comp,fising; 

a piurairiy of bSock encoders sach receiving ona of a plurality of data signals and aj^lying a bSock code to form 
one of a plurality of biocH coded data sigrtals: 

a piuraiity of diHeren.tial encoders eacii receiving one of said plurality of Wock coded data sigriats and applying 
^ a drfferenttal code to form one of a plurality ot ditfereniislly coded data signals: and 

a multipSexer receiving said pluraiity of differenSaily coded data signals and combining said plurality of differen- 
tialiy coded data signals to form a differentially ceded transmissible data signal. 

2, The digital data commjrsication system of Claim 1 whereiri said piuraiity of block encoders apji^ses a taJock code 
50 based en symbols Slaving at l^ss two bits. 

3, 111 e digital data CfjnRmti n i cation system of Claim 1 where i n sa id pi uratity of block enood ersappliesaReed - Solomon 
ksock code. 

ss 4, The dsgftal data communication system of Claim 1 furtlier corrsprising a demjltiplexer recaiwng an input data signal 
and separating said input data sagnai into said plurality ot data signals, 

5. The digital data communication system oi Oaim i further comprising a modutetor receiving said drfierentially 
coded tansmissias data signal arid modulating said difterentiaily coded transmisaWe cteta signa! prior to irarssmis- 

40 aion by the transmit!^-. 

6. The digital data communication system of Ciasm 1 wherein the receiver of ^d differentially coded transmissiijle 
data signal includes: 

ts a demodulat-ar receiving said differentially coded transmissibie data signal tor demodulating said dttferentialiy 

coded transmissit>!e data signal into a demodLilaled data signal; 

a dsrr^uttipiexer receiving said demodulated data signal for separating said demodulated data aignai into a piu- 
raiity of da modulated data signals; 

a pSuralrty of differential deckers each receiving one of satd plurality of demodulated data signals 1br di'Reren- 
Bo tiaiiy decoding into a plurality of differerstially decoded data signals; 

a piuraiity of block decoders each receiving one of said plurality of differentially decoded data signals for decod- 
ing into a plurality of data signals: and 

a sacorKS mi.:!t!pleKer >-sceiving said plurality of data signaSs and combining said piisrality of data signals to form 
an output dasa sigitai. 

7. Tfis digital data communicatian system of Claim 1 wherein the digital data comrrjuni cation system being a satellite 
commi,;rjication system, such that the transtTiitler being associated with at ieas! one of a satellite and an earth ier- 
rrjna! and the receiver fce^ng associated witti at least one of a second sateHite aj'^d a second emih terminal. 
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8. A digital data comimnicafion system for transmitting a high speed diflerefiti^iy encoded dala signal between a 
tfansroitter and a receivfer, the transmitter compiising: 

a pfufSilty of Wock encoders eacn recaving one oi a pluraSty o! data sipnals and aipJying a Wock code to form 
one of a pSuraiity of Nock ceded data signals, said bJocK code being based on symbots having at least iwo bits- 
a fTKjitspi&ter receiving sasd piuraiity of block coded data signaJs and corrtiining said plurality of bSock codsaJ 
data signsls to forma multiplexed data signal, said multtptexer opesatir^g on a ttock code symboMw-block code 
symbol basis; and 

a drfferentiai encoder receiving said multipleKSd data signal and applylrjg a differen!ial code to form a difleren- 
tiaSiy Qod&d data signal, 

9, A ntethod for transmtttng a high speed differentially encoded data sigmi between a transmitter arid a receiver in a 
digital data sornnminjcation system, comprising the st^ of; 



3 a Uod^ code to each of a plurality of data sjgnals to form a plurstiiy of block coded data signals; 
g a differentia] cede to each of said plurality of block coded data signals to form a piuraiity of diffWen- 
tiaiiy coded data signals; and 
nnjitipiaxing each of said plurality of differentially coded data signals to !drm a differentially coded trsnsmissiWe 
data sIgnaS. 

. A metfiod fcr ifanemitiing a high speed differentially encoded data signal i.-^ a dtgftal data communication systerr* 
comprising the st^s of: 



af^fying a biod< code to sach of a ploraftty ot data signals to form a plurality of block coded data signals sasd 
tiSock code being J^sed on symbols hawing at least two bits; 

multiplexins each of said piuraiity of bSo<^ coded data signals on a blodt code symbol-by-block code symbol 
basis, thereby forming a rtujltiplaxed data signal; and 

applying a differential code to said muHrplexed data sign^ ;o form a differentially coded transmrssibJe data sia- 
nai. 



nal 

1 1 , The method of CSaim 10 further comprising the steps of: 

receiving said dsfferentiaily coded sransmissible data signa! at the receiver 



- — -J ^u^wTwis* ^>WM1M sTi'L^i ^UU LI fl^l^lV^lf 

der^iodciat=ng said differentia iSy coded transmfesibJe data signal into a demtxJuiated data signal; 
differential decoding said derrodulated data signal to idrm a differentially decoded data signal; ' 
demuftij^esing said differentially decoded data ^grsaJ into a plurality of dsfferentiaily decoded data signals or^ a 
block ci:xle syntioi-by-block cede symbol basis; 

af^tying a ao<^ decoding to each of said differentially decoded data signals to form a piuraiity of decoded dala 
signals: and 

mu;t(ple:<ir!5 each said plurality of decoded data signaJs into an otjrtput decoded data sjgnat. 
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